Introduction {#sec1}
============

Osteoarthritis (OA) is the most common type of arthritis and is characterized by inflammation of and degenerative changes to joint tissues.[@bib1] As part of the Global Burden of Disease 2010 study, an extended report by Cross and colleagues[@bib2] estimated the burden of hip and knee OA worldwide. Hip and knee OA was ranked as the 11th highest contributor to disability worldwide and the 38th highest in disability-adjusted life years. Years lived with disability because of hip and knee OA increased from 10.5 million in 1990 to 17.1 million in 2010.[@bib2] Knee OA is more common than hip OA. The prevalence of symptomatic knee OA worldwide in 2010 was 3.8% and was higher in women than in men. In the same year, the prevalence was highest in the Asia Pacific region, followed by Oceania and North Africa/Middle East.[@bib2] In the USA, the prevalence of knee OA in adults was estimated to be 33.7% (12.4 million).[@bib3] The cross-sectional study of Al-Arfaj and Al-Boukai[@bib4] reported that 53.3% of men and 60.9% of women in KSA had radiographic knee OA.

Osteoarthritis not only affects physical health, but it may also negatively impact mental health, increase the risk for cardiovascular disease, cause the consumption of more resources, and incur higher costs.[@bib5] Several clinical practice guidelines recommend numerous surgical, pharmacological, and nonpharmacological interventions for patients with knee OA. These treatments include, but are not limited to, total knee arthroplasty,[@bib6] acetaminophen (paracetamol), nonsteroidal anti-inflammatory drugs, biomechanical interventions, corticosteroids, self-management, education, and muscle-strengthening training.[@bib7], [@bib8], [@bib9], [@bib10]

Muscle strength and flexibility can reduce pain and disability, improve and maintain the range of motion (ROM) and physical function of a joint, and enhance postural stability and balance.[@bib11] Studies have investigated the strength,[@bib12] flexibility,[@bib13], [@bib14], [@bib15] and girth[@bib16], [@bib17], [@bib18] of the muscles that act on the knee, namely, hip abductors and adductors, quadriceps, and hamstrings, in patients with knee OA. However, investigations of the characteristics of the calf muscle in patients with knee OA are scarce.

The calf muscle is an important group of muscles, consisting of the gastrocnemius, soleus, and plantaris muscles, in the knee joint. Anatomically, the calf muscle, particularly the gastrocnemius, and the quadriceps and hamstrings attach to the knee bone.[@bib19] Functionally, the calf muscle assists in knee flexion[@bib19] and is one of the most important muscles used in the activities of daily living like walking and running.[@bib19]^,^[@bib20] Only a few studies have investigated the flexibility of the gastrocnemius muscle in patients with knee OA.[@bib13]^,^[@bib21] Our literature review found that research on calf muscle strength and girth in patients with knee OA is lacking. Therefore, we asked the following question: Are the calf muscle girth, strength, and flexibility different between patients with knee OA and healthy controls? The null hypothesis was that there is no difference. The primary aim of our study was to evaluate calf muscle girth, strength, and flexibility in patients with knee OA and a secondary aim was to investigate any correlations between calf muscle girth, strength, and flexibility. Our study is the first of its kind and will provide greater insight into any deficits or impairments of the calf muscle.

Materials and Methods {#sec2}
=====================

This case--control study was conducted in the Department of Physical Therapy, King Fahad Central Hospital in Jazan, KSA.

Sample size calculation {#sec2.1}
-----------------------

The sample size for our study was calculated using open source software from the University of British Columbia ([http://www.stat.ubc.ca/∼rollin/stats/ssize/n2.html](http://www.stat.ubc.ca/%7Erollin/stats/ssize/n2.html){#intref0010}). The calculations were based on data from a previous study that measured the strength of the quadriceps in patients with knee OA using a handheld dynamometer (HHD).[@bib22] The following data were used for our calculation: mean strength of 30.1 N in patients with knee OA and 39.7 N in control patients, standard deviation of 8.35, α (alpha) of .05, and power of .80. The calculation yielded a sample size of 24 participants, which was increased 20% to account for potential dropouts. Thus, the total number of participants was 30.

Participants {#sec2.2}
------------

A convenience sample was used to recruit the participants. Patients were evaluated by an orthopaedic physician using the criteria for knee OA established by the American College of Rheumatology.[@bib23] These patients were enrolled if they were an adult, had unilateral knee OA (the more painful knee was studied if the patient had bilateral OA),[@bib24] and a Kellgren--Lawrence[@bib25] (K-L) grade ≥ 2. Patients were excluded if they had a pathology such as rheumatoid arthritis or neurological impairment[@bib24]^,^[@bib26]^,^[@bib27] or had had lower-limb surgery, arthroplasty,[@bib24] amputation,[@bib26] or rupture or trauma of the calf muscle. Healthy participants, who had no history of knee OA, were recruited to match patients with knee OA with respect to gender, age, and body mass index (BMI).[@bib26]

Procedure {#sec2.3}
---------

The procedure of the study was explained to the participants. The participants then attended a testing session and were asked to sign an informed consent form. Data were collected using a data collection sheet designed by the principal investigator. Height and weight were measured using a mechanical beam scale (402LB, Health O Meter, McCook, IL, USA) and the girth, strength, and flexibility of the calf muscle were assessed (see below). The affected leg of the patients with knee OA and the matching leg of the control participants were examined. If a patient had bilateral knee OA, the knee with more severe symptoms according to a numeric pain rating scale (NPRS) was examined. The entire session lasted for approximately 1 h.

All participants had the girth, strength, and flexibility of their calf muscle measured in that order. Calf muscle girth was measured using a 1.5-m non-elastic fiberglass cloth tape measure (TT-SR26, China Eastern Tape Measure Manufacturer Co., Ltd., Ningbo City, Zhejiang, China). This tape measure does not tear or stretch easily and is used mainly to measure length and girth. A tape measure is a valid and reliable tool for measuring muscle girth.[@bib28] Each participant was asked to sit on a chair and relax with both feet on the floor. The tape measure was placed around the calf at the point of greatest girth without compressing the subcutaneous tissue. The average of 3 girth measurements was used for analysis.[@bib29]

An HHD (JT-AA104, PowerTrack MMT; JTECH Medical Industries, Midvale, UT, USA) was used to measure the isometric strength of the calf muscle ([Figure 1](#fig1){ref-type="fig"}). An HHD is a highly reliable and valid instrument for assessing the isometric strength and power of the lower-limb muscle.[@bib30]^,^[@bib31] Each participant was instructed to lie supine on a plinth with the hips and ankles in neutral positions and the knees extended. The HHD was placed on the metatarsal heads at the sole of the foot while the participant held the sides of the plinth for stability. The participant was instructed to maximally contract the calf muscle while the therapist resisted the movement (isometric contraction). The protocol of a previous study was followed.[@bib30] The average value from 3 tests was used for analysis.Figure 1Digital handheld dynamometer used to measure calf muscle strength.Figure 1

A standard goniometer (EZ Read Jamar Goniometer, Model 7541; Patterson Medical, Warrenville, IL, USA) was used to measure the range of motion (ROM) of ankle dorsiflexion as an indicator of the flexibility of the gastrocnemius muscle. The method has demonstrated good validity and reliability.[@bib32] Each participant was asked to lean on the wall with both feet 60 cm away from the wall. Then, the test leg was moved backward to be about a foot behind the other leg. The participant then maximally dorsiflexed the ankle while keeping the knee extended and the heel on the floor. The axis of the goniometer was placed posterior to the distal fibula, with the stationary arm parallel to the lateral aspect of the foot and the moving arm pointed to the proximal head of the fibula.[@bib32] Repeated dorsiflexion could affect perception of the end point of the gastrocnemius stretch, which could lead to increased ankle dorsiflexion and consequently affect the overall result. Therefore, only one dorsiflexion was performed and its measurement used for analysis.[@bib33]

Statistical analysis {#sec2.4}
--------------------

The data were analysed using SPSS Statistics for Windows ver. 20.0 (IBM, Armonk, NY, USA). Quantitative variables were described via the mean and standard deviation (SD) calculated using descriptive statistics. The Kolmogorov--Simonov test was used to evaluate the normality of the data distribution (*p* \> .05). Independent *t* tests were used to investigate the differences between the demographic data of the groups at baseline and the differences in the outcome measures, namely, calf muscle girth, strength, and flexibility. The effect sizes were calculated using Cohen\'s d equation and the data from the independent *t* tests of the outcome measures. The ranges of the effect size were .20--.49 (small), .50--.79 (moderate), and ≥.80 (large).[@bib34] The categorical data were analysed using χ[@bib2] tests. The correlation between the outcome measures was determined using intraclass correlation coefficients (ICCs) with two-way mixed effects, consistency, and multiple raters or measurements. The criterion for statistical significance was set at *p* \< .05 with a 95% confidence interval (CI).

Results {#sec3}
=======

No significant differences between patients with knee OA and control participants with respect to all baseline demographic data were noted, which may indicate that the groups were homogenous ([Table 1](#tbl1){ref-type="table"}).Table 1Characteristics of the participants in both groups at baseline.Table 1VariableKnee OA group (n = 15)Control group (n = 15)SignificanceMale/Female9/69/6χ2 = .000; *p* = 1.00Age (years)58 ± 1158 ± 11*t* = .000; *p* = 1.00BMI (kg/cm^2^)32.1 ± 4.232.0 ± 4.2*t* = .047; *p* = .963Duration of symptoms (months)6.0 ± 6.9--NPRS7.2 ± 2.0--Affected knee side (right/left)6/9--K&L OA grade (2/3/4)6/1/8--[^1][^2]

Interestingly, an independent *t* test revealed a significant difference in calf muscle strength between the knee OA group and the control group (−42.0; 95% CI: −74.7, −9.4; *p =* .014). On the other hand, no significant differences were found in calf muscle girth or flexibility between the groups (*p \>* .05) ([Table 2](#tbl2){ref-type="table"}).Table 2Measurements of calf muscle girth, strength, and flexibility in both groups.Table 2OutcomesKnee OA group (n = 15)Control group (n = 15)Levene\'s testBetween-group differencesMean difference (95% CI)Cohen\'s *dt* test*p* valueGirth (cm)39.6 ± 4.239.3 ± 3.5*F*~1,28~ = .008, *p* = .931.3 (−2.6, 3.2).04.189.852Strength (N)123.4 ± 23.4165.4 ± 55.6*F*~1,19~ = 4.2, *p* = .05−42.0 (−73.9, −10.1)−.44−2.697∗.014Flexibility (ankle DF \[°\])13.2 ± 3.815.1 ± 3.9*F*~1,28~ = .093, *p* = .762−1.9 (−4.8, 1.0)−.24−1.383.177[^3][^4][^5]

The ICCs demonstrated no correlation between any of the outcome measures (calf muscle girth, strength, and flexibility) ([Table 3](#tbl3){ref-type="table"}).Table 3Correlation between calf muscle girth, strength, and flexibility for the knee OA group (n = 15) and the control group (n = 15).Table 3Group/OutcomeICC(3,2)95% CI*p* valueKnee OA group: Strength vs girth−.242−2.698, .583.654 Strength vs flexibility.159−1.506, .718.376 Girth vs flexibility.168−1.477, .721.367Control group: Strength vs girth.006−1.960, .666.495 Strength vs flexibility−.048−2.121, .648.534 Girth vs flexibility−.254−2.736, .579.661[^6]

Discussion {#sec4}
==========

Our study found that calf muscle strength was significantly reduced in the patients with knee OA compared with that in the healthy control participants. However, no statistically significant difference was detected in calf muscle girth and flexibility between the two groups.

No studies have evaluated calf muscle strength and girth in patients with knee OA. Instead, other muscles were investigated and demonstrated weakness. In a systematic review, Alnahdi et al.[@bib12] found that the strength of the hip muscles, hamstrings, and quadriceps was significantly reduced in patients with knee OA. Calf muscle strength was quantified for musculoskeletal conditions other than knee OA. For instance, Bell et al.[@bib35] observed a significant reduction in calf muscle strength as measured by an HHD in patients with "medial knee displacement". Moreover, Carroll et al.[@bib36] investigated and compared the strength of the foot and ankle muscles in patients with rheumatoid arthritis with that of matched controls and observed a significant reduction in plantar flexion strength in the patients.

Our study did not investigate the cause--effect relationship. Thus, the observed calf muscle weakness could be a causative factor or a complication of knee OA. Calf muscle weakness in patients with knee OA may be partly explained by the anatomical and functional relationships between the calf muscle and the knee joint. In our study, plantar flexion strength was tested with the knee fully extended, which greatly involves the gastrocnemius muscle. Lloyd and colleagues[@bib37] reported that the gastrocnemius muscle dynamically stabilizes the knee because it originates in the femoral condyles. A recent review reported that the gastrocnemius muscle has a key role in the anterior-posterior stability of the knee joint.[@bib38]

Our results demonstrated that there was no significant difference in the flexibility of the calf muscle between the two groups. This agrees with the finding of a previous study[@bib13] but is inconsistent with that of another study[@bib21] that investigated the flexibility of the gastrocnemius muscle in addition to other muscles. The normal ROM of ankle dorsiflexion is approximately 20°.[@bib39] In our study, ankle dorsiflexion was 13° in the patients with knee OA and 15° in the controls. These values are similar to those in Shiraz et al.[@bib13] (patients: ∼8.5°, controls: ∼10.5°) and lower than those in Jyoti et al.[@bib21] (patients: ∼20.0°, controls: ∼29.0°). The high age and BMI of our participants may have contributed to the low ROM of ankle dorsiflexion.[@bib15] The flexibility of the quadriceps and hamstrings in patients with knee OA was also affected.[@bib13]^,^[@bib14] Knee OA causes patients to limit their activity level, resulting in an overall reduction in flexibility. Further studies are needed to better understand the effect of reduced ROM of ankle dorsiflexion in patients with knee OA.

Our findings revealed no significant difference in calf muscle girth between the two groups. We chose to study calf muscle girth because it is a likely clinical indicator of muscle atrophy. Our literature search found no studies on calf muscle girth in patients with knee OA. Therefore, our findings may be discussed along with the findings of calf muscle girth in conditions other than knee OA[@bib28] and with the results of studies on thigh muscles.[@bib16], [@bib17], [@bib18] Ross et al.[@bib28] found a significant reduction in calf muscle girth in patients who required knee arthroscopic surgery after a unilateral knee injury. On the other hand, other studies examined thigh girth in patients with knee OA and observed no significant difference between patients and control participants.[@bib17]^,^[@bib18] The difference between the findings of the calf muscle study and the thigh muscle studies may be partly attributed to the differences between the characteristics of the participants, the designs and methodologies used, and the characteristics of the muscles. Gur and Cakin[@bib17] concluded that loss of muscle strength after development of knee OA was not explained by quantitative changes in muscle mass. This may partly explain why we did not observe a reduction in calf muscle girth with the reduction in strength.

One limitation of our study is that the investigators were not blinded to which group the participants were assigned. This may have caused unintentional bias when performing the outcome measurements. However, this bias would have been limited with respect to the measurement of calf muscle strength because the investigators were blinded to the HHD values from the maximal voluntary contraction performed during the test. Another limitation was that the investigator had to hold the HHD to resist the force generated by the participant.[@bib31] Inadequate force and stabilization by the investigator could have affected the results. Even if the investigator braced against a wall, the assessment of the ankle plantar flexors of strong participants may not have been accurate. However, this protocol is the gold standard for measuring ankle plantar flexion strength.[@bib30]^,^[@bib31] Despite these limitations, this study provides important information about the girth and strength of the calf muscle, which will be useful for subsequent studies on the characteristics of the calf muscle in patients with knee OA.

Conclusions {#sec5}
===========

Our study found that calf muscle strength was lower in patients with knee OA compared with that in healthy control participants. There were no significant differences in calf muscle girth or flexibility between the two groups. No correlations were found between calf muscle girth, strength, and flexibility.

Recommendations {#sec6}
===============

Upon our literature review, we conclude that ours is the only study that examined calf muscle girth and strength in patients with knee OA. Therefore, further research is needed to confirm or refute our results. In addition, future studies should investigate the effect of calf muscle strengthening exercises on pain and function in patients with knee OA. Clinicians should consider calf muscle strength during the management of this group of patients.

Source of funding {#sec7}
=================

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Conflict of interest {#sec8}
====================

The authors have no conflict of interest to declare.

Ethical approval {#sec9}
================

Ethical approval was obtained from the Institute Review Board of Imam Abdulrahman Bin Faisal University, Dammam, KSA (IRB-PGS-2017-03-178, 1 October 2017). The study was performed with the consideration of the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.

Authors contributions {#sec10}
=====================

HAA and AMA conceptualized and designed the study, analysed and interpreted the data, and accounted for all aspects of the research. HAA provided the research materials, collected and organized the data, wrote the initial draft of the manuscript, and provided logistic support. HAA and AMA critically reviewed and approved the final draft of the manuscript. HAA and AMA agreed to be accountable for the accuracy or integrity of all parts of the manuscript. All authors have critically reviewed and approved the final draft and are responsible for the content and similarity index of the manuscript.

The authors thank all those who volunteered their time to participate in this study. The authors also thank Mrs. Leena Hakami for her assistance with data collection and data entry.

Peer review under responsibility of Taibah University.

[^1]: BMI: body mass index; NPRS: Numeric Pain Rating Scale; K&L: Kellgren and Lawrence grading system; OA: osteoarthritis.

[^2]: Values are expressed as mean ± SD (standard deviation), except where otherwise indicated.

[^3]: CI: confidence interval, DF: dorsiflexion.

[^4]: ∗ indicates significant difference.

[^5]: Values are expressed as mean ± SD.

[^6]: ICC: intraclass correlation coefficient, CI: confidence interval.
